i. ©. 7017 May 1938 


UNITED STATES 
DEPARTMENT OF THE INTERIOR 
Harocpo L. Ickes, SECRETARY 


BUREAU OF MINES 
Joun W. Fincu, Director 


_INFORMATION CIRCULAR 


BUREAU OF MINES HALDANE GAS-ANALYSIS 


APPARATUS 


BY 


L. B. BERGER AND H. H. SCHRENK 


Arter THis REPORT HAS SERVED YOUR PURPOSE AND IF YOU HAVE NO FURTHER NEED FOR IT, PLEASE RETURN IT TO 
THE BUREAU OF MINES, USING THE OFFICIAL MAILING LABEL ON THE INSIDE OF THE BACK COVER. 


Diaitizes by (OK gle THE OHI porte UNIVERSITY 


1.6. 7017; 
Way 1938. 
IhPORMATION CIRCULAR 


UNITED STATES DEPARTMENT OF THE INTERIOR —- BUREAU CF EINES 


BUREAU OF MIVES EFALDAME GAS-ANALYSIS apparatus! 


By is Bs Percere/ and H. H. Schrenk3/ 


CONTSANTS 

Pase 
PRE POGUC TL ON 6: Siang: tes a wath Bes Ge Gn ie eae So a Sate re ae le ea ae 2 
PULPOSE. Of Publ Cavions., sess ea wise cess chee bees bees pe Oreste eee 3 
Accuracy and precision of the Haldane apparatus.......-. eee eens 3 
Limitation Of. Une Haldane: tpourecus josh5 chaise odawee ewe eens 3 
Principles of eames anoeyex® as applied in tne Haldane : 
ORPALTAUUS 6 escie rd Seti else ews ‘ ee ere ee ee ee eee a ° 7 
Factors which aff ect the accuracy of anelveieus sve head anatase eeiare o 4 
Chunge of temmerature and ner cuou< pressure during analy- 4 

SUS sis ec UL wee aes eeu eee ueeaee ead Greet ccaraa eee re eee 
Change of water-vanor content “of gas sample during analvsis 5 
Solubility of suses in confining liquids............. bummes. 1D 
SOlUOLILtY OF: 2aSes 10 TeAcereSii.cisead ee see 4 oun ewe wa we eerie 5 
Calibration of the Burette. cvs désan cies tec aise ase sehietee. © 
DESGTIPtion. Of “AUraTe TUS < sd wend ehh eee eee Sie eae tech States ece-ess ° 6 
EE OU Cle.a.0s cco epee aie se Oa ave ae eee oe a eae j iegiwasa eae Leas ‘ 6 
Pinettes........... Peg ulalat rat eae eitioh a euthanasia tank asset sls act # 36 
COND ENSATOT Sc dlie «bis ssreccels wage one ee eee ee ee ae | 
Connections to as Samples <idadudd amen ude ves eseuees athe: | 
BLECCTIGAL ACCESSOT 65 oi5.4.046408 ieee Sines a riangiara canes ae a8 { 
Prenaratlon..Of Solutions ssa x4eteesweweteens caatese sie Saar are evi vO 
Potasel Un NVOTO! 1 deic gt clegealaG nesiee wma se eee ce taedemets « 8 
Potassium. Dy Otel Lobe se eee suo ees ss sirerUseveweste, Sis a: Grea ones . § 
Preparation of anparatus for use......-.6. pecusuaateanenee eden e © 
Assembling burette........ . seals We ooesare Ok Cedar Per ere eer S 
Mairing rubber tubins ee an ee ee eee Seeeeeed:  —S 
Addition of water to burette...cecceeees ree ee ee a. 
Filling pipettes...... ee irl Sate hen aia pip onpicnt ee eGie tates aera s - e 
Adjusting temperature of Die enee S01 Tal ance ae ee su 
GREAaS 1 Ne SCO PCO <Si-s. se otiwiny ae. Sosa sane a teseweseweteeee 20 
Adjusting levels of liquids De OO CGiak ne 6 kore asus ae ai eters tee. “acl 
Destine. SOV Leaks ocicces ee reew Nad oe aoe ee eee 


1/ The Bureau of Mines will welcome rerrinting of this paper, provided 
the following footnote acknowledgment is used: "Reprinted from Bu- 
reau of Mines Information Circular 7017". 

e/ Chief scientific aid, Gas and Dust Section, Health Division, Central 
“Sxperiment Station, Bureau of Mines, Pittsburgh, Pa. 

3/ Chief chemist, Health Division, Central Experiment Station, Bureau 
of Mines, Pittsburgh, Pa. 


6506 


Google 


I.C. 7017. 
CONTENTS (cont.) 


. | Pare 
Analytical procedure...... ay een a aresiece ee re ror eae evens “He 
Pilling manifold with Nit rosceiew.s4¢ tits ese eit awenes - 402 
Drawing semple into burette..... cece cece eee eee ee a 13 
. Reading hurette........2- eee cece cece were renter ecenee 13 
Determination Of. Carson Gl 0x1 Ce s..iov.e et Garb ewl eae Kiss 13 
Determination of comvustible gases......c cece eer eseee - ih 
Determination of oxveen......... ee ere ere ee ee 15 
Determination of ni trezen.. ee Srauetar sere. awee ecb awe See Gece 15 
Calculation. Of POSUITS ¢ 6s66< 60. csa-dew eee see woraaae eet gaia ieee 15 
Comments on use and care of apparatuS.......c.eccescercroces 5). 
Location of apparatus....... ee ee eee si dies mei edt eae ie Ge 
Calibration Of bUret Ges ccneswiccac se diew ed auieline Honsees © el 
Precautions against contamination of apnarctus ‘by caus- 
WiC SOLUTIONS soe d Aiiale two ae ewE swab eS RS USGS oases e el 
Cleaning manifold....... ee ee ee et eee %. “2. 
BEONIMS DUPE TU s-< 2 Kd: 0i ee: oiere sees oe we eee Sek Swat o- PY 
Preparation of stopcock grease...... Ci EDS ARO ROR ease Pe 


Grinding SCOPCOCKS see eeesecececcccrercccersercscsessree OC 
Analysis of normal air to check analytical procedure... 22 


Difficulties encountered in use of Haldane apparatus... 22 
DUMMAELY <4.06ee ees 


eee ee ese eeee eeees eevee vreveesec eee evn eee eer eo @ oO 
Apoendix........eeeee see ere Sta ceca earns Ge ee oes Gilg eat doles Fe leteata tere . 2 


INTRODUCTION 


The Haldane gas-analysis avparatus used by the Bureau of Mines is 
patterned after the device developed by Haldane u/ and differs from it 
only in structural modifications that have been oe to facilitate opera- 
tion and simolify construction, 


‘The apparatus was develored to permit determination of carbon dioxide, 
combustible gases, and oxygen with & degree of accuracy not attainable 
with apparatus of the tyoes ordinarily used’for the analysis of fuel gases, 
flue gases, and similar mixtures. The Haldane apparatus is used by the 
Bureau of Mines chiefly in the analysis of air samples collected in coal 
and metal mines and other underground workings and is applied also in the 


analysis of many other types of gas mixtures when accurate determination 
of certain constituents is desired. 


4] Haldane, J. 5., Some Improved Methods of Gas Analysis: Jour. Physiol., 
vol. 22, 18985, pp. 465-480; A Rapid Method of Estimating Carbon Dioxide 
in Air: Jour. Hygiene, vol. 1, 1901, pn..109-114; Methods of Air 
Analysis: tLondon, 19le. ‘Revised and reprinted 1918. Reprinted 1920. 
Revised, in colladcration with J. Ivon Graham, and reprinted 1935. 
Foster, C. LeN. and Haldane, J. S., The Investigation of Mine Air: 
London, 1905, pro. 100-120. 
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PURPOSE OF PUBLICATION 


The purpose of this publication is to supplement information con- 
tained in an earlier Bureau of Mines bulletin2/ with a description of 
improvements in design and to adé to the instructions in technique com- 
ments that may be helpful to users of the Haldane apparatus. 


ACCURACY AND PRECISION OF THE FALDANS APPARATUS 


The Haldane apparatus is of advantage chiefly in determining con- 
stituents of gas mixtures that are present in amounts too small for 
accurate determination by ordinary gas-analysis methods. The accuracy 
and precision of the Haldane method in the determination of carbon dioxide, 
a single combustible sas, and oxygen are 0.02 to 0.03 percent&; compared 
to 0.10 to 0.20 percent, or more, in ordinary gas-analysis methods. When 
more than one combustible gas is present in the mixture the accuracy and 
precision of determination may be reduced, as is indicated later. 


The accuracy and precision atteinable witn the Haldane apparatus 
are essential in many instances to obtain analytical results of value. 
Determination of methane in the ventilating air currents of coal mines 
illustrates this point. The methane content of the main-return air cur- 
rent may be used to calculate the quantity of methane liberated by a 
mine over a given period. If a main-return air current of 100,000 cubic 
feet per minute contains 0.10 percent methane, the mine is liberating 
144,000 cubic feet of methane in 24 hours. Results of little or no value 
Will be obtained if the methane content of this air is determined by 
methods having possible errors approximating the concentration of methane 
actually present. 


LIMITATIONS OF THE HALDANE APPARATUS 


The Haldane burette, in which gas volumes are measured is so con- 
structed that the gas mixture undergoing analysis must contain approx- 
imately 75 percent of inert gas, such as nitrogen, or a similar percentage 
of a constituent that is not determined. 


In determining combustible gases, the Haldane apparatus is limited 
to mixtures that do not contain combustibles in sufficient quantity to be 
inflammable (seeAppendix) and that contain enough oxygen to burn com- 
pletely all combustible gas present. Gas samples containing combustibles in 


amounts within or above the inflammable limits must be analyzed by other means. 
5/ Burrell, G. A., and Seibert, F. M., Sampling and Examination of Mine 
Gases and Natural Gas: Bull. 197, Bureau of Mines (revised in 1926 
by G. W. Jones), 102 pp. 
6/ This does not mean that the accuracy is 0.02 to 0.03 percent of the 
anount of a constituent found by analysis, but that the results as 
expressed in vercent do not deviate more than 0.02 to 0.03 from the 
amount of that constituent actually present. In terms of precision 
it means that duplicate analyses agreeing within 0.02 to 0.03 when 
expressed in percent are attainable. 
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Tne Haldane apparatus is restricted, therefore, to certain types of 
gas mixtures, and because of its accuracy and precision is of special 
value in their analysis. : 


PRINCIPLES OF CAS-VOLUMETRIC ANALYSIS 
AS APPLIZD IN THS HALDANS APPARATUS 


The analysis of a gas mixture by the gas-volumetric method involves 
subjecting a measured volume of the mixture to successive treatments, 
each of which effects removal of a specific constituent of the mixture. 
Measurement of the decreased volume caused by each such removal permits 
calculation of the relative proportions of the various constituents in 
the mixture. 


In determining carbon dioxide, combustible gases, and oxygen with 
the Haldane apparatus this procecure is applied by measuring the gas 
volumes in a burette, which is essentially a graduated glass tube. 
Carbon dioxide is removed by passing the gas from the burette into a 
pipette that contains an alkaline medium, such as potassium hydroxide 
solution. Combustible gases are determined by passing the gas sample 
into a pinette containing an electrically heated platinum wire that 
causes these gases to burn, Carbon dioxide produced by combustion is 
removed byagain passing the gas into the potassium hydroxide solution. 
Osygen is determined by passing the gas into a pipette that contains an 
oxygen-absorbing medium, such as potassium pyrogallate solution. The 
gas sample is confined in the burette by a column of mercury, the level 
of which may be raised and lowered, thus forcing the gas alternately 
from the burette to tne pipettes through suitable communicating tubes. 
Gas volumes measured in the burette are brought to comparable conditions 
of temperature and pressure by a compensating device attached to the 
bpurette,. 


FACTORS THAT ASPECT THE ACCURACY OF ANALYSIS 


In gas-volumetric analysis certain factors must be considered if 
results of maximum accuracy are to be obtained. The most important of 
these, as related to analysis in the Haldane apparatus, are discussed in 
the following paragraphs. 


Change of Temperature end Barometric Pressure During Analysis 


As gas-volumetric analysis consists of a series of measurements of 
change of volume caused by removal of the various constituents of a mix~ 
ture, all other factors tending to cause change of volume must be 
eliminated. The volume of a gas changes with temperature, provided the 
pressure remains constant, therefore consideravle error might be intro- 
duced by variations in temperature during analysis unless correction is 
made for them by calculation, or they are compensated for by the design 
of the apparatus. Likewise correction or compensation must be made to 
avoid errors from changes in gas volume due to variations in barometric 
pressure during analysis. 
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The Haldane apparatus is equipped with a device that seca ces : 
for changes in temperature or pressure, eliminating the necessity for 
correction of gas volumes to standard conditions by calculation. All 
gas volumes measured in the burette are balanced against a fixed volume 
of gas contained .in a closed tube in a water-jacket that also surrounds 
the burette. Any temperature change that occurs in the apparatus dur- 
ing analysis affects the gas in the burette and in the closed com- _ 
pensator tube to the same extent, and the temperature effect is nulli- 
fied or canceled. As the gas volumes measured in the burette are bal- 
anced against a fixed volume of gas in the compensator tube, compensation 
for changes in barometric pressure is also obtained. The use of the 
compensating device is described in the instructions for operating the 
apparatus, 


Change of Water-Varor Content of Gas Sample During Analysis 


As a volume of gas may contain varying amounts of water vapor, de- 
pending upon temperature and degree of saturation of the gas with water 
vapor, this condition must be controlled in gas-analysis procedures to 
prevent changes in gas volume by the presence of varying amounts of 
water vapor during analysis. 


In the Haldane apnaratus the gas is kept completely saturated with 
water vapor by maintaining a small amount of water in the burette at 
all times. If this procedure were not followed, a sample of dry or in- 
completely saturated gas, passed into the potassium hydroxide solution 
for the determination of carbon dioxide, would gain water vapor from the 
solution, and the determination would be in error by the amount of water 
vapor gained. <A small amount of water is also maintained in the closed 
compensator tube, and the effect of variation in water-vapor pressure 
caused by temperature changes is nullified, as the gas in both burette 
and compensator tube is affected to the same extent. 


Solubility of Gases in Confining Liquids 


All gases are soluble to some extent in water, and if water were 
used as the confining liquid considerable error would be introduced 
through solubility. To eliminate this source of error mercury is used 
as the confining liquid in the burette and combustion pipette and for 
displacing gas from the sample container into the burette. 


Solubility of Gases in Reagents 


In the use of reagents such as potassium hydroxide and potassium 
pyrogallate solutions physical solution of some of the constituents of 
the gas sample is possible, in addition to removal by chemical action 
of the constituent for which the reagent is specifically intended. 
Potassium hydroxide solution exerts no significant solvent action on 
gases, such as oxygen, nitrogen, methane, carbon monoxide, and hydrogen, 
that may come into contact with it during the determination of carbon 
dioxide, and after one or two analyses are made the solubility error 
becomes negligible. In the case of potassium pyrogallate solution, 
however, there is appreciable solubility of nitrogen until the reagent 
has become saturated with that gas. When a fresh solution of potassium 
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eee is used in the apparatus at least two analyses should be 
made before the oxygen values obtained are taken as correct. When gases 
and vapors such as unsaturated hydrocarbons, gasoline, and benzol are 
determined in the Haldane apparatus, considerable solution of these 
compounds may occur if the sample is passed into the potassium hydroxide 
solution vefore combustion. In such instances a modified procedure, 
described later, usually will eliminate this error. 


Calibration of the Burette 


Burettes usually are graduated as accurately as possible, but it is 
difficult to obtain extreme accuracy over the entire length of a burette 
of the small diameter used in the Haldane apparatus. Consequently, it 
is advisable to calibrate the bturette before use. The procedure for 
calibrating burettes is included under comments on use and care of ap- 
paratus. 


DESCRIPTION OF APPARATUS 
A diagrammatic sketch of the Haldane apparatus is shown in figure l. 
Burette 


Burette f has a total capacity of 21 ml. The bulb at the upper part 
of the burette has a capacity of 15 ml and is not divided by graduations. 
The capacity of the stem below the bulb is 6 ml, graduated in hundredths 
of a milliliter. Graduation of the burette starts at the bottom of 
parallel~bore stopcock e. This stopcock may be turned to communicate 
through stopcock d and capillary glass tubing c to sample container a, 
or may be rotated from this position through 130° to communicate with 
pipettes 1, m, and n through the capillary glass manifold and stopcocks 
i, j, and k. The burette is enclosed in a water jacket, g, to protect 
it from sudden temperature changes. <A tube connected to a compressed air 
supply extends nearly to the bottom of the water jacket, and a stream of 
air bubbles escaping from this tube produces circulation and uniformity 
of temperature of the water in the jacket. The lower end of the burette 
is connected by heavy-walled rubber tubing to leveling bulb s, which 
rests in movable support t. 


Pipettes 


Pipette 1 is for the potassiun hydroxide solution used in deter- 
minating carbon dioxide. The lower outlet of this pipette communicates 
through rubber tubing connections with reservoir r and capillary glass 
tube o''', which is part of the compensating device. Reservoir r is 
adjustable vertically. 


Combustion pipette m contains a spiral of No. 26 or 28 BB & S. 
gage platinum wire, which may be heated electrically to cause burning of 
combustible gases. Mercury is used as the confining liquid in this 
pipette. Two glass tubes support the spiral and are filled with mercury 
to serve as conductors for the electric current. The upper ends of these 
pee are open, and each tube has oe stud of No. 20 B. & S. gage 
50 Ore 
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platinum wire sealed to the glass in a vertical position at the opening. 
These studs furnish electrical contact between the mercury and the spiral, 
Which is held in place by winding its ends around the studs. The lower 
ends of the tubes are sealed closed around two short lengths of No. 20 8B, 
& S. gage platinum wire, to which are attached wires p and p' connecting 
to the electrical supply. 


Pipette m is connected by rubber tubing to reservoir m!, which is 
mounted on a slide movable vertically by a rack and pinion gear, w, at- 
tached to the reverse side of the apparatus. Reservoir m' is mounted in 
this manner so that it may be lowered and raised as gas is passed into 
and withdrawn from pipette m, keeping the mercury at approximately the 
same levels in m and m', thus maintaining the gas in m at approximately 
atmospheric pressure, thereby reducing the possibility of leakage owing 
to excessive pressures on the rubber tubing. The level of the mercury 
in reservoir m' may be observed through slot v in the board on which the 
apparatus is mounted. 


Pipette n holds the potassium pyrogallate solution used in determina- 
tion of oxygen. The lower outlet of this pipette is connected to reser- 
voir n', the top outlet of which is connected to a rudber bag, u, that 
protects the reagent from the oxygen of the air. 


Pipettes 1 and n contain a number of lengths of small-diameter 
shell tubing which, when gas is passed into tne pipettes, presents a 
considerable surface wet with reagent, accelerating absorption of gas. 
The tubes are supported at their lower ends by a helix of glass rod 
perpendicular to the longitudinal axes of the tubes. 


Compensator 


Closed tube gq of the compensating device is shown in water jacket ¢. 
The upper end of this tube is connected through capillary glass tubing 
to tube of'', Stopcock h is used to bring the pressure in the closed 
tube to atmospheric before starting un analysis. 


Connections to Gas Semple 


The gas sample bottle, a, shown in mercury jar b is the vacuum type 
used by the Bureau of Mines in sampling mine atmospheres. A secled 
sample bottle is shown at a'. With bottles of this type the gas sample 
is trensferred to the burette by U-tube c. If other types of sample 
bottles are used, for example those having stopcocks at both ends, c may 


be replaced by a short elbow of canillary glass tubing. 
Electrical Accessories 


Electrical accessories used in conjunction with the combustion 
pipette are indicated in the wirine diagram snown in figure 1. A current 
supply at 6 to § volts is necessary. One side of the circuit starts 
from the source of current supply, passes through switch x and variable 
resistance y to lead p, connecting to one of the platinum stud terminals 
of the combustion pipette. The current passes through the platinum 
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spiral to the other terminal and lead n', which returns to the source of 
supply. Variable resistance y may be a rheostat of the carbon pile type 
used for racio-tube filament control or a length of wire having a resist- 
ance of 1 to 2 ohms and equipped with a movaole contact. Where alternat- 
ing current is available a step-down transformer furnishing current at 

6 to & volts may be used as the power supply. Tne capacity of the trans- 
former should be at least 150 watts. Where only direct current is avail- 
able a lamp bank or other suitable resistance may be used. Storage 
batteries or dry cells may be employed but are not particularly satis- 
factory, as storage batteries require frequent recharging, and dry cells 
are rapidly depleted. 


PREPARATION OF SOLUTIONS 


Potassium Hydroxide 


The potassium hydroxide solution used for determining carbon dioxide 
is prepared by dissolving 300 grams of potassium hydroxide (electrolytic) 
in 1000 ml of water. Although potassium hydroxide is preferable, a 
solution of 200 grams of sodium hydroxide in 1,000 ml of water also can 
be used. There is greater tendency, however, toward the deposition of 
bicarbonate with sodium hydroxide than with potassium hydroxide. 


Potassium Pyrogallate 


The potassium pyrogallate solution used for determination of oxygen 

is prepared as follows: Dissolve ©) grams of pyrogallic acid in 150 ml 
of water and disolve 1,200 crams of potassium hydroxide (electrolytic) 
in 800 ml of water. When the potassium hydroxide solution has cooled, 
measure 250 ml of the solution into each of a number of bottles of ap- 
aaa 325 ml capacity, such as magnesium citrate bottles. Add 

5 ml of the pyrogallic ecid solution to each bottle, close immediately, 
and mix. <A number of small bottles are preferable to one large one, as 
only a small portion of the solution is exposed to the oxygen of the air 
when the bottle is opened, whereas if stored in a single large container 
all the solution would be exposed each time the container was opened. 


HEPARATION OF APPARATUS FOR US# 


Assenblinge Burette 


Burette f (fig. 1) is filled by adding clean (preferably distilled) 
mercury through leveling bulb s with stopcock e open. Mercury is added 
until, with s reised so that the mercury rises to stopcock e, only a few 
ml of mercury remain in s. 


Two or three ml of water are added to the compensator tube gq before 
it is inserted in the water jacket. Tubes gq and o!''' are connected by 
rubber tubing as shown, and tne water jacket is filled with water. 
Stopcock e is connected to the manifold and to stopcock d and U-tube c 
ty rubber tubing, 
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Figure 1.-— Diagrammatic sketch of Bureau of Mines Haldane gas analysis apparatus. 
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Making Rubber-Tubing Connections 


It is important that rubber tubing of the proper tyne and size be 
used in making connections between the various parts of the apparatus. 
Seamless tubing of the "pure-gum"' type is satisfactory, as it adheres to 
glass, forming a gastight joint. The inside diameter of the tubing 
should be such that it makes a snug fit with the glass. For example, 
rubber tubing of 5 mm inside diameter should be used to join glass tubes 
of 7 mm outside diameter. Rubber-tubing connections should be 1-1/4 to 
1-1/2 inches in length so that the rubber extends 5/8 to 3/4 inch on 
each side of the junction of the glass tubes. Fitting the rubber tubing 
over the glass is facilitated by moistening the interior of the rubber 
and forcing it onto the glass with a reciprocating rotary motion. The 
ends of the glass tubes should fit closely together to make as nearly as 
possible a glass=—to-glass joint. 


Addition of Water to Burette 


When assembly of the burette has been completed, 2 or 3 ml of dis- 
tilled water are drawn into the burette through d, and leveling bulb s 
is lowered until the mercury in the burette reaches the 21 ml mark. 
Bulb s is then raised until mercury is discharged from the outlet of d. 
This procedure leaves a film of water adhering to the inside surface of 
the burette. As previously discussed, this film of water must be.present 
at all times during analysis to saturate the gas in the burette with water 
vapor. 


Filling Pipettes 


The rubber-tubing connections between pipette ], tube o'!', and 
reservoir r are installed next. Sulphur-free tubing of 6 to & mm inside 
diameter is used. Sulphur-free rubber is used, as the action of potas- 
Sium hydroxide solution on rubber containing sulphur in time will pro- 
duce a substance that absorbs oxygen, and carbon dioxide determinations 
will be in error owing to. the absorption of oxygen in addition to carbon 
dioxide. 


Pipettes 1, m, and n are connected next to stopcocks i, j, andk 
by rubber tubing. 


Pipette 1 is filled by adding potassium hydroxide solution to 
reservoir r, with the plug of stopcock i removed and stopcock h open. 
The position of r and the amount of solution added are so regulated that 
when the level of the solution in 1 rises to point o'! the bulb of r 
contains only a few ml of solution. If an excessive amount of solution 
is added, r may overflow when gas is introduced into pipette 1. This 
precaution applies also to filling reservoirs n! and m'. When 1 is 
filled the plug of stopcock i is replaced. 


Pipette n is filled by adding potassium pyrogallate to reservoir n', 
with the plug of stopcock k removed, until tne solution rises to point o. 
The plug of stopcock k is replaced and rubber bag u is partly inflated 
and inserted in the opening of n' as snown. 
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Combustion pipette mis filled by adding clean (preferably dis- 
tilled) mercury to reservoir m', with plug of stopcock j removed, until 
the mercury rises to point o'. . The plug of stopcock j is replaced when 
mis filled, The glass tubes that support the platinum spiral must be 
filled completely with mercury. This may be accomplished by adjusting 
the position of m' so the mercury level in mis just at the tops of the 
glass tubes and then tapping the pinette so small globules of mercury 
drop into the tubes until they are filled. An alternate procedure is to 
remove the rubber stopper (before mercury is added to the pipette) that 
supports the tubes and to fill them with mercury through a funnel with 
a small-diameter stem. When the stopper is reinserted in the pipette it 
should be moistened and pressed saree into place to insure a gastight 
fit. 


Adjusting Temperature of Platinum Spiral 


When m has been filled the electric connections are attached, the 
mercury level is lowered until the spiral is exposed, and switch x is 
closed. The temperature of the spiral is adjusted by rheostat y so 
that the wire is at a bright yellow heat. It is important to heat the 
spiral enougn to cause complete burning of combustible gases, but not 
to the extent of fusing the wire. Switch x is opened after the temper- 
ature of the spiral has been adjusted properly. 


Greasing Stopcocks 


All stopcocks are cleaned and greased. Greasing the stopcocks 
properly is an important part of the analytical procedure. Improper 
greasing is likely to cause errors in analysis and difficulties in 
manipulation of the apparatus. | 


A lubricant containing rubber, paraffin, and vaseline is used; 
preparation of a grease of this composition is described under Comments 
On Use and Care of Apparatus. The plug and barrel of the stopcock are 
cleansed by wiping with cheesecloth. The barrel may be cleaned by wrap- 
ping two or three layers of cheesecloth over the end of a lead pencil 
and passing this through the barrel with a rotary motion. The capillary 
openings may be cleaned by a pipe cleaner or soft convper wire. Instru- 
ments that might scratch the ground surfaces of the stopcock should not 
be used. The stopcock is lubricated by placing a thin layer of grease, 
extending tne length of the plug, along the sides of the plug not 
pierced by the bore. The plug is inserted in the barrel, pressed firmly 
into place, and rotated several times in both directions. If greased 
properly, an even, transnvarent film of grease covers the ground surfaces 
of the stopcock at all points of contact. The proper amount of grease 
to apply is learned best by experience. If too little grease is applied, 
striations and bubbles will be evident, and the stopcock may leak. If 
an excess of grease is used the bore will become plugged in a short time, 
impeding or stopping flow of gas through the stopcock. Stopcock plugs 
usually are not interchangeable, and it is best to remove only one plug 
at a time to avoid confusion, 
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Adjusting Levels of Liquids in Pipettes 


The solutions in pipettes 1 and n and the mercury in pipette m 
are brought to o, o', and o!'', by drawing about 20 ml of air into the 
burette and turning stopcock e to communicate with the manifold. Stop- 
cock i is opened, and the level of the solution is adjusted to mark o'' 
by raising or lowering leveling-bulb s as necessary. This procedure, 
from the opening of stopcock i, must be conducted with care, as the caus- 
tic solution in 1 may easily be drawn into the manifold and possibly the 
burette. If this should occur all parts accidentally brought into contact 
with caustic solution must be cleaned thoroughly with dilute sulphuric 
acid. -2 


The same procedure is used in bringing the liquids in pipettes n 
and m to marks o and o'. The precautions regarding manipulation of the 
caustic solution apply in adjusting the potassium pyrogallate solution 
in n to mark o. 


Testing for Leaks 


The apparatus is next tested for leaks. Stopcocks e and d are 
turned to communicate with the atmosphere, and leveling-bulb s is lowered 
until about 20 ml of air has been drawn into the burette. Stopcock 6 is 
then closed, and s is raised to the top of its supporting rod. A gradual 
rise in the level of mercury in the burette indicates a leak at stopcock 
e. If the mercury level remains stationary, turn e to communicate with 
the manifold. A gradial rise in mercury level in the burette indicates 
leakage at stopcocks i, j, or k or at the rubber-tubing connections be- 
tween e and the manifold. Leakage at i, j, or k usually, but not always, 
causes the solutions to drop from marks o, o', and o'!'. If no leaks are 
indicated, the rubber-tubing connections below i, j, and k are tested 
next. Reservoirs n' and m' are lowered as far as possible and main- 
tained in that position for several minutes. If no leaks are present in 
the rubber-tubing connections below stopcocks k and j, the liquids in 
pipettes n and m will return to marks o and o' when n!' and m! are re- 
turned to their former positions. With stopcock h open, reservoir r is 
adjusted so that the solution in the compensator tube coincides with 
mark o'''. (If the level of the solution in 1 does not coincide with o'', 
it should be brought to that mark by opening i, adjusting leveling—bulb 
s and closing i.) Stopcock kh is closed and r lowered as far as possible 
for several minutes. If a leak exists in the rubber connection below 
stopcock i, the solution will fail to return to o'! when r is returned to 
its former position; if the solution fails to return to mark o''!, a leak 
exists in h or in the rubber connection with closed tube gq. 


Leaks at stopcocks may be corrected by regreasing or, if this fails, by 

regrinding (seeComments on Use and Care of Apparatus) and regreasing. 

Leaks at rubber-tubing connections may be corrected by replacing the tub- 
ing; if the tubing that leaked did not appear to fit tightly to the glass, 
it should be replaced by tubing of smaller inside diameter, or the joint 
between glass and rubber may be improved by wrapping the rubber connec- 
tion, at about one-quarter inch from each end, with two strands of No. 22 
copper wire, twisting the free ends of the wire together after wrapping. 
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Stopcock d and rubber connections to U-tube c are tested for leaks 
by turning d to communicate with c, raising leveling-bulb s until the 
mercury in burette f rises to stopcock e, closing the outlet of c by 
placing a finger over the open end of the tube and lowering s. If 
the mercury level in f continues to fall, a leak is indicated between e 
ard c.. | 


ANALYTICAL PROCEDURE 
Filling Manifold with Nitrogen 


After the apparatus has been assembled and tested for leaks the 
first step in the analytical procedure is to fill the manifold from stop- 
cock 6 to marks o, o', and o'' with nitrogen. As the manifold is not 
purged by the mercury in the burette when a sample is drawn into the ap- 
paratus, its volume is "dead space" and must be filled with a gas that is 
inert with respect to the various treatments to which the gas sample is 
subjected. To fill the manifold with nitrogen, 20 ml of air is drawn 
into the burette through stopcocks e and d} e is turned to communicate wit! 
the manifold, stopcock k is opened, and the air sample in burette fis 
passed back and forth between f and pipette n by raising and lowering 
leveling bulb s. Ten to twelve passes are usually sufficient to effect 
absorption of the oxygen from the air sample. (As an aid in determining 
when the oxygen has been absorbed, the color of the potassium pyrogallate 
Solution adhering to the tubes in the pipette may be observed, While 
oxygen is being absorbed the film of reagent on these tubes becomes 
brownish-red. When the oxygen has been absorbed the reagent assumes a 
greenish hue. Four or five additional passes should be made after the 
red color no longer can be observed.) After the oxygen has been absorbed, 
the residual nitrogen//is withdrawn from n to burette f, and k is closed. 
The gas is then passed once into pipettes m and 1 to "pick up" the oxygen 
present in the capillaries below stopcocks 1 and j. When the gas is 
withdrawn from these pipettes the liquids in the pipettes are adjusted to 
‘marks o' and of', and i and j are closed, The gas is again passed six 
times into n to remove the oxygen picked up in the capillaries below i 
and j. When this has been done the gas is returned to f, the liquid in 
nis brought to mark o, and k is closed. 


- Stopcocks i and h are opened and the level of the potassium hydroxide 
solution adjusted to marks o'!' and o''', Stopsoocks i and h are then 
closed, and stopcock e is rotated 150°. This procedure leaves the manifolé 
filled with nitrogen at "compensated pressure" and brings the air in the 
closed tube of the compensator to atmospheric pressure. Stopcock h must 
not be opened during an analysis, but may be opened between analyses to 
reestablish atmospheric pressure in the closed tube of the compensator 
and should be left open when the apparatus is not in use. 


Se 

7/ As the potassium pyrogallate solution is alkaline, the carbon dioxide 
of the air is removed along with the oxygen. The residual nitrogen 
of the air contains about 1 percent of the "noble gases" (argon, 
neon, xenon, krypton, and helium), which are inert and which, in 
ordinary gas analysis, are included in the term "nitrogen". 
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Drawing Sample into Burette 


Stopcocks 6 and d are turned to communicate with U-tube c, and 
leveling bulb 8 is raised until mercury flovs from the outlet of c. 
Stopcock e is then turned 900, | 


If the gas to be analyzed is contained in a vacuum-type sample bot- 
tle, as shown in figure 1, a file mark is made on the neck of the bottle, 
the neck is placed under mercury in jar b and broken off by tapping 
against the side of the jar. The open end of the sample bottle is held 
beneath the mercury, and c is inserted as shown in figure 1. If the 
sample is contained in a tube having stoncocks et both ends, c is re- 
placed by a short elbow of capillary tubing. One stopcock of the sample 
tube is attached to the outlet of this elbow ana the other submerged in 
the mercury in jar b before cpening. 


After the sample tube has been connected s is lowered, e is turned 
to communicate with the sample, anti 18 to 20 ml of sample is drawn into 
turette f. Stopcock d is then turned to communicate with the atmosphere, 
and s is raised until mercury flows from the outlet of d to prevent con- 
tamination of the sample by bubbles of air that may have been trapped in 
the capillary between U-tube c and stopcock e. Stopcock d is turned to 
communicate with the sample, and s is lowered until approximately 2O ml 
of sample has been drawn into f. The position of the sample tube is so 
adjusted that the levels of the mercury inside and outside the sample tube 
coincide, and e is turned to communicate with the manifold. 


Reading Burette 


Stopcock i is opened cautiously (the level of the solution in 
pipette 1 should not move very far in either direction from mark o'') and 
the positions of leveling-bulb s and reservoir r so adjusted that the 
solution in 1 is at mark o'' and that in the compensator tube at mark o!'!'. 
The volume of gas sample in burette f is then read to the nearest 0.002 ml, 
which gives the volume of sample taken for analysis. 


The "compensating" procedure described in the foregoing paragraph - 
that is, the adjustment of the level of-the potassium hydroxide solution 
to marks o'' and o''! ~ is followed throughout the analysis before each 
volume reading in the burette is made. 


Determination of Caroon Dioride 


Carbon dioxide is removed from the sample by raising and lowering 
leveling-bulb s with stopcock i open, causing the gas to pass back and 
forth between burette f and pipette 1. After six passes into 1 the gas 
is withdrawn to f, the level of the potassium hydroxide solution adjusted 
to marks o'' and o''' as previously described, and the burette reading 
taken. It is well to check this reading, until technique is perfected, 
by passing the gas into 1 six times more and again reading the burette. 
After the burette is read, stopcock i is closed. The burette reading is 
subtracted from the original volume of sample to obtain the volume of 
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carbon dioxide in the sample. The percentage of carbon dioxide in the 
sample is calculated as follows: 


Percent, by volume, 8/of carbon dioxide = volume of carbon dioxide x 100. 
original volume of sample 


Determination of Combustible Gases 


Combustible gases are determined by opening stopcock j and passing 
the gas into pipette m, lowering reservoir m' at the same time so that 
the mercury levels in m and m' coincide. When the platinum spiral is 
exposed, switch x is closed, (The Haldane apparatus is not designed for 
the determination of combustible gas-air mixtures within the inflammable 
range. If an attempt is made to burn an inflammable mixture(see Appendix) 
in pipette m, an explosion may result. If there is doubt as to the amount 
of combustible in the sample, a piece of wire screen or shatterproof glass 
should be placed in front of the pipette to protect the operator.) To 
cool the pipette a stream of air is directed over it by a curved glass or 
metal tube (shown surrounding the capillary outlet of m in fig. 1) pierced 
on the lower side by a number of small holes. If the temperature of the 
platinum spiral has not been adjusted previously it should now be adjusted 
to the proper temperature. (See Preparation of Apparatus for Use.) The 
gas is passed back and forth between burette f and pipette m 8 to 10 
times, keeping the mercury in m and m' at the same level. Switch x is 
opened and the pipette allowed to cool to room temperature. The gas is 
withdrawn to f, .the mercury in m brought to mark o!' and stopcock j closed. 
Stopcock i is opened, the level of the potassium hydroxide solution brought 
to marks o'' and o'!!, and the burette reading taken. This reading sub- 
tracted from that obtained after removal of the carbon dioxide gives the 
contraction in volume due to combustion. 


Carbon dioxide produced by combustion is determined by passing the 
gas six times into 1, compensating, and reading the burette. If the con- 
traction due to combustion exceeds 0.200 ml, the sample should be sub- 
jected to combustion a second time and the carbon dioxide produced by the 
second combustion determined. The two contractions and the two carbon 
dioxide values are added to obtain the total contraction in volume and 
the total carbon dioxide produced by combustion. If methane is the only 
combustible gas in the sample, the percentage of methane is calculated 
from these values as follows: 


Volume of methane in sample = 


contraction caused by combustion + carbon dioxide formed. 
3 


Percent, by volume, of methane = volume of methane x 100. 
original volume of sample 


8/ The results of gas-voliumetric analysis are reported as percent by volume, 
rather than percent by weight. The results usually are reported ona 
"dry basis", that is, no account is taken of the water-vapor content 
of the sample. 
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Methods for calculating the volumes of combustible gases other than 
methane and of various combinations of combustible gases are given in the 
section on Calculation of Results. 


Determination of Oxygen 


Oxygen is removed from the sample by passing the gas into the potas~ 
sium pyrogallate solution in pipette n. The gas is passed 12 times (this 
number of passes usually suffices but it is advisable to observe the color 
change in the solution, as previously mentioned) into pipette n and then 
is withdrawn to burette f, stopcoc k is closed, and the gas is passed 
once into pipettes m and 1 to pick up oxygen remaining in the capillaries 
below stopcocks j and i, The gas is then passed six times more into n 
and withdrawn to f, the level of the solution in n being adjusted to 
mark o before k is closed. The volume of gas in the burette is com— 
pensated and the burette reading taken. It is well to check this read- 
ing by passing the gas again into n four or five times and taking a second 
burette reajing. This reading, subtracted from the reading obtained after 
the final removal of carbon dioxide »roduced by combustion, gives the 
volume of oxygen remaining in the sample after combustion. If the sample 
contains combustible gas, a definite volume of oxygen has been consumed 
in the combustion, and this volume of oxygen must be calculated and added 
to the volume of oxygen determined by absorption to obtain the total 
volume of oxygen in the sample. 


If metnene is the only combustible gas in the sample the calculation 
is as follows: 


Volume of oxygen consumed in combustion = 2 x volume of methane 


Totat volume of oxyren in sample = volume of oxygen determined by 
acsorption + volume of oxygen consumed in combustion. 


Percent, by volume, of oxygen = _ total vcluze of oxy,en x 100 
original volume of sample 


Calcuiation of oxyren consumed in combustion of various gases is illus- 
trated in the section on Calculation of Fesults. 


Determination of Nitrogen 


The percentaze of nitrogen is obtained by subtracting the sum of the 
percentages of the other constituents from 100: 


Percent, by volume, of nitrogen = 100 — (percent carbon dioxide + 
percent combustible gas + percent oxyzen). 


CALCULATION OF RESULTS 
In the preceding section, Analytical Procedure, the volume of methane 


in the sample was calculated by adding the contraction in volume and the 
carbon dioxide produced by combustion and dividing this sum by three. 
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This calculation is based on the volume relations expressed by the reaction 
— COz. 
CHy +2 Qo,+ e F 
4 Ch 20 

One volumed/ of methane requires e volumes of oxygen for complete conm- 
bustion, and 1 volume of carbon dioxide and 2 volumes of water vapor are 
formed. As the water vapor condenses and occupies negligible space, the 
carbon dioxide is the only measurable nroduct of combustion. Therefore, 
3 volumes of gas are reduced to 1 volume by combustion. In other words, 
the contraction produced by combustion of 1 volume of methane is twice 
the volume of the methane, and the carbon dioxide produced is equal to 
the volume of the methane, as shown in the following equations: 

Contraction = 2 x Ch, 

Carbon dioxide = Ch. 


Combining and solving these equations, 


Methane = contraction + COo. 
3 


Formula for calculation of the volume of any single combustible gas 
may be derived in the same manner. For example, from the reaction 


ce CO + O05 = 2 COs, 
Carbon monoxide 10/— 2/3 (contraction + C02), 
and from the reaction 
eH, + 05 = 2 B50, 
Hydrogen = 2/3 contraction. 
These reactions indicate also that carbon monoxide and hydrogen require 


one-half their volume of oxygen for complete combustion. 


The term "volume" means any unit volume, as milliliter, cubic inch, 
cubic foot, etc. 7 
10/If a sample is suspected of containing carbon monoxide in amounts at, 
or near, the limit of accuracy of the Haldane apparatus, the gas-— 
volumetric analysis should be supplemented by tests specific for 
carbon monoxide, as the pyrotannic acid method, to verify the presence 
or absence of this gas. See Sayers, R. R., and Yant, W. P., The 
Pyrotannic Acid Method for the Quantitative Determination of Carbon 
Monoxide in Blood and in Air: Tech. Paper 373, Bureau of Mines, 


1925, 18 pp. 
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UNITED STATES DEPARTMENT OF THE INTERIOR ~ BUREAU OF MINES 
od 


BUREAU OF MINES HALDANE GAS-ANALYSIS APPARATUS 


By L. 3. Perger and H. H. Schrenk 


HRRATA 


Page 16, line 2: "CH, + 2 05 + 2 E50 " should read 


"CH, + 205 = CO, + 2 H,0." 


2 


Paze 20, line 16: The value "49,6°" should be "79.6C." 
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The following example illustrates data relating to analysis of a 
sample of coal-mine air containing carbon dioxide, methane,oxygen, and 
nitrogen: : 


Analytical Data 


Burette Difference, 
reacing, ml ml 
Volume of semple taken for analysis 20.010 
Volume after carbon dioxide absorption 19.978 
Contraction due to carbon dioxide 
absorption | 0.032 
Volume after combustion 19.9ee 
Contraction due to comoustion 056 
Volume after carbon dioxide absorption 19.894 
Carton dioxide due to combustion 028 
Volume after absorption of residual 
oxygen 15.2820 
Residual oxygen 4.074 
Osygen consumed in comoustion of methane 056 
Total oxygen 4.130 
Calculation of Results 
Percent 
by volume 
Cs ide 2032 : 
arbon dioxide 30.010 ~ 100 0.16 
Methane 0.056 + 90.025 — 6.028 
5 
0.028 
O.0cS 5 4 14 
anole 
Oxygen (2 x 0.028) + 4.074 = 4.130 
2130 x 100 20.64 
20.010 
Nitrogen (by difference) 100 - (0.16 + 0.14 + 20,04) 79.06 


The volume of each gas in mixtures containing any two of the gases 
methene, czroon monexize, anc hydrogen may be calculated from contraction 
and carbon dioxice procuced by combustion. The calculations are based 
on the following reactions: 


CH: + 2 Oo = COs + 2 H00, (1) 


2 C0 + Oo = 2 COo, (2) 
| 2 Hy + Oo = 2 £0. (3) 
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Methane end carbon monoxide.: — When methane and carbon monoxide are 
present the following relations are ovtained from equations (1) and 


(2): 
Contraction = 2 x CH, + 1/2 Co, (4) 
Carbon dioxide = CHy + CO. (5) 
Solving equations (4) end (5), 


fethene = © X contraction — COo, 


3 


Carbon monoxide = COo — CHy. 


Methane and hydrogen. - When methane and hydrogen are present the 
following relations are obtained in like manner from equations (1) and 


(3): 
Methane = COs, 
Hydrogen = 2 X contraction - 4 x C00. 


3 


Hydrogen and carbon morcxiae. - When hydrogen and carbon monoxide 
are present the following relations are obtained from equations (2) and 


(3): 


Hydrogen = 2 x contraction - COo, 


3 


Carbon monoxide = CO.5. 


Methane, carbon monoxide end hydrogen. ~ When methane carbon monoxide, 
and hydrogen are »resent, the volume of oxygen consuned by combustion must 
be determined in addition to the contraction and carbon dioxide produced 
by combustion to calculate the volume of each gas. The volume of oxygen 
consumed is determined by subjecting one portion of the sample to the com- 
plete procedure -— determination of carbon dioxide, contraction due to com- 
bustion, carbon dioxide produced by combustion anc residual oxygen remain- 
ing after combustion — and analyzing a second portion or the sample for 
carbon dioxide and oxygen only. The oxygen consumed by combustion in the 
first portion is calculated as follows: 


First portion (A) - carbon dioxide, contraction and carbon dioxide 
produced by combustion and residual oxygen determined. 


Second portion (B) - carbon dioxide and oxygen determined. 


Percent oxygen in B = volume of oxygen determined | 100. 
original volume of sample 
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Total volume oxygen in A = Original volume of A x percent oxygen ey 
100 


Volume oxygen consumed in combustion of A= total volume oxygen in A - 
volume residual oxygen in A. 


From equations (1), (2), and (3) the following relations are obtained: 


Hydrogen = contraction — oxygen consumed, 


Methane —= (2 xX contraction - COs) - Ho 


3 


Carbon monoxide = COs. — CH. 

When two or more gases are determined by combustion the small, un- 
avoidable errors of analysis may be multiplied in the calculations, thus 
reducing to some extent the accuracy and precision of determination of 
these gases. 


A typical analysis of a sample containing carbon dioxide, hydrogen, 
methane, carbon monoxide, oxygen, and nitrogen follows: 


First Portion 


Burette reading, Difference, 


ml ml 

Volume of sample taken for analysis 20.430 
Volume after carbon dioxide absorption 20.185 
Contraction due to carbon dioxide 

absorption 0.245 
Volume after combustion 20.118 
Contraction due to combustion 067 
Volume after carovon dioxide absorption 20.070 
Carbon dioxide due to combustion O48 
Volume after oxygen absorption 16.280 
Residual oxygen 32190 

second Portion 

Volume of sample taken for analysis 20.270 
Volume after carbon dioxide absorption 20.024 
Contraction due to carbon dioxide ~246 
Volume after oxygen absorption 16.204 
Contraction due to oxygen absorption 3.820 


Calculations 


From analysis of the second portion the oxygen content of the sample 
is 32820 x 100, or 18.85 percent by volume. 


2820 
20.270 
total volume of oxygen in first portion = 


20.430 x 18.85 = 3.851 ml. 
100 
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Volume oxygen consumed in combustion of first portion = 

3.851 - 3.790 (residual oxyzen of first portion) = 0.C6l ml. 
Volume hydrogen in first portion = contraction ~ oxyzen consumed = 


0.067 - 0.061 = 0.006 ml. 


Volume methane in first rortion = @ x contraction - Wo _ Hy = 


3 


Volume carbon monoxide in first portion = COo - CH, = 0.048 - 0.022 


= 0.025 ml. 
Results of Anal;sis 
Percent 
ty volume 
Cxygen —* 100 (from analysis of second portion) = 18.85 


Carbon dioxide = S58 x 100 (from analysis first portion) = 1.20 | 


Eydrogen = 0.006 x 100 (from analysis first portion) = 003 
20.45 50 J Pp | 
Methane = SRE x 100 (from anelysis first portion) = ell 
Carbon monoxide = ae x 100 (from analysis first 
portion) = | 12 


Nitrogen (by difference) = 100 —- (18.85 + 1.20 + 0.03 + 
0.11 + 0.12) = Here 7967 


Hydrocarbon-air mixtures. ~- Saturated hydrocarbons of the formla 
C_Hoyn + 2, such as natural gas and gasoline vapor, may be calculated from 
the following equation: 


Volume of hydrocarbons = 2 X contraction - @s. 


If the combustible ccnsists mainly of higher scar ane. as "wet" 
natural gas or gasoline vapor, it is advisavle to determine only con- 
traction and carbon dioxide produced by combustion, as these higher 
hydrocarbons are appreciably soluble in the potassium hydroxide solution, 
and if the sample is passed first into this solution to determine carbon 
dioxide error may be introduced through solubility. If the sample con- 
sists of hydrocarbons end normal air, correction may be applied to the 
combustion data for the carbon dioxide content of the air (0.03 percent). 
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COMMENTS ON USE AND CARE OF APPARATUS 


Location of Apparatus 


The Haldane apparatus should be installed in a location free from 
drafts and not subject to wide variations or sudden changes in tempera- 
ture. Sudden changes in temperature during an analysis may cause the 
level of the liquid in the compensating tube to move beyond the worxing 
range of the apparatus. 


Calibration of Burette 


The burette is calibrated while in the water jacket, which is filled 
with water and maintained at as nearly constant temperature as possible. 
A thermometer inserted in the water jacket indicates the temperature. 

A two-way stopcock is sealed to the lower end of the burette, mercury is 
introduced into the burette through a leveling-bulb and rubber tubing 
attached to one outlet of this stopcock, and mercury is added until it 
reaches the bottom of the stopcock at the upper end of the burette. 
Successive portions of mercury are withdrawn through the open outlet of 
the lower stopcock and weighed. The burette reading is noted after each 
portion is withdrawn. The true volume of each portion is calculated from 
its weight and observed temperature. 


Precautions Against Contamination of Apparatus by Caustic Solutions 


It is of utmost importance to keep the stopcocks, manifold, com- 
bustion pipette, and burette free of the slightest traces of potassium 
hydroxide or potassium pyrogallate solutions if accurate analyses are to 
be obtained. Even though the solutions have not been observed to enter 
these parts of the apparatus, it is advisable to cleanse them if the 
results of analysis seem doubtful and no other cause of error is evident. 
The mercury used in displacing the sample from its container am all 
connections to the sample container also must be kept free of caustic. 


Cleaning Manifold 


The best method of cleaning the manifold is to remove it from the 
apparatus and draw through it, in the order named, dilute sulphuric acid, 
distilled water, and air, 


Cleaning Burette 


The burette may be cleaned by a mixture of equal parts of concen- 
trated sulphuric acid and saturated potassium dichromate solution. An 
alternate procedure is to draw into the burette a solution of 90 percent 
concentrated nitric acid and 10 percent water, allow it to remain for a 
few minutes, and then discharge it. A solution containing 50 percent con- 
centrated nitric acid is used next, followed by solutions containing 25 
and 5 percent concentrated nitric acid, and finally the burette is washed 
several times with distilled water. This may be done without draining the 
mercury from the system, as the gradual decrease in acid concentration 
prevents deposition of mercurous nitrate on the walls of the burette. 


Note: Organic solvents should not be used to clean any part of the 
apparatus. 
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Preparation of Stopcock Grease 


Stopcock grease of the following composition is suitable for use 
with the Haldane apparatus: 


Smoked sheet or pale crepe rubber - 10 parts, by weight. 
Vaseline - 18 parts, by weight. 
Paraffin - 1 part, by weight. 


she rubver is cut into small pieces, mixed with the other ingredients, 
and heated gently until the rubber goes into solution. The grease is then 
heated to 155° C. for 100 to 200 hours. The composition of the grease may 
be varied to suit the needs of the user by changing the relative propor- 
tions of the constituents; if the grease appears too viscous, the pro- 
portion of vaseline may be increased, or if too fibrous or stringy, the 
propertion of rubber may be decreased. 


Grinding Stopcocks 


If stopcocks are unsatisfactory due to poor fit between plug and 
barrel, or if they become eroded by wear or the action of caustic solutions 
they may be reground by the following procedure: The plug of the stopcocz 
is given a thin coating of moistened abrasive (4OO- to 600-mesh), in- 
serted in the barrel lightly, and turned with a reciprocating rotary 
motion. The plug is withdrawn from the barrel after each four or five 
turns to prevent formation of grooves in the ground surfaces. At intervals 
the stopcock is washed free of abrasive, dried, and greased. When an even, 
transparent film of grease is obtained between plug and barrel at all 
points of contact, grinding is complete. (If the stopcock is deeply erodet 
so much grinding may be necessary that the capillary bores are thrown out 
of alinement and the stopcock becomes useless.) 


Analvsis of Normal Air to Check Analytical Procedure 


Technique of operation and condition of apparatus may be considered 
satisfactory when the results obtained in analysis of normal air agree, 
within the limits of accuracy of the apparatus, with its actual com 
position (0.03 percent carbon dioxide, 20.93 percent oxygen, 0.00 vercent 
combustible, and 79.04 percent nitrogen). 


Difficulties Encountered in Use of Haldane Apparatus 


In the use of the Haldane apparatus, as with any analytical procedure, 
difficulties may be encountered, and their sources are determined most 
readily by systematic consideration of their possible causes. The dif- 
ficulties most commonly encountered in the use of the Haldane apparatus, 
and their possible causes, are: 
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Difficulty encountered | Possible causes - 
Leaks in apparatus: Defective or deteriorated rubber tubing; tub- 


ing of improper size; improperly greased or 
poorly fitting stopcocks; defects in glass- 
ware; rubber stopper at base of combustion 
pipette improperly fitted; faulty glass- 
platinum seal in combustion pipette electrodes. 


Expansion in volume when Leaks; insufficient water in burette to meintain 
cerbon dioxide is determined: sample in saturated condition. 


Incorrect value for oxygen Leaks; insufficient water in burette; potassium 
percentage in analysis pyrogallate solution exhausted; absorption of 
of normal air: nitrogen by fresh potassium pyrogéllate solu- 

| tion; oxvgen not completely absorbed: burette 
dirty or improperly colibrated. 


Repeat burette readings do Leaks; solutions exhausted; constituent not 
not agree in determination completely absorbed; in determination of com- 
of a particular constituent: bustibles, temperature of platinum spiral may 

be too low. 


Expansion in volume after Leaks; sample does not contain enough oxygen 
combustion: for complete combustion of combustibles. 
Faulty combustion data: Leaks; insufficient water in burette; potas- 
For example, methane is Sium hydroxide or potassium pyrogallate solu- 
known to be the only com- tion present in manifold, burette, or com- 


bustible gas present, but bustion pipette. 
ratio of contraction to 

carbon dioxide produced 

is not e tol. 


Liquid in compensating de- Capillary between burette and potassium hy- 


vice appears sluggish in droxide pipette blocked by globule of water, 
movement = mercury, or stopcock grease. 
Liauids do not remain at Leaks; manifold not filled with inert ¢as. 
marks in capillaries of 
pipettes: 
Duplicate analyses do not Ary of the foregoing causes. 
agree within satisfactory 
limits: 
SUMMARY 


The Haldane-type gas-analysis apparatus used by the Bureau of Mines 
is described in this publication with regard to its application, accuracy 
precision, limitations, construction, and operation. ‘iethods of calculating 
results of analysis of various gas mixtures, comments on use and care of the 
apparatus, and discussion of causes of the most commonly occurring diffi-~ 
culties encountered in use of the apparatus are included. 
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APPENDIX 


¢ Se) some c bustible ases and va ITs 


wTTic Limits of inflammability 
Molecular ee in air perce by volume 
Gas or vap Fornmul weicht Upper linit 


Methane 5.0 15.0 
Ethane Pe l2. 5 
Propane 2.4 9.5 
Butane 1.9 8.5 
Pentane 1.4 i & 8, 
Gasoline Lé2 7.0H/ 
Ethylene ef 28.6 
Propylene c.O0 11.1 
Butylene a 9.0 
Pentylene 1.6 -- 
Acetylene 2.5 80.5/ 
Benzene 1.4 6.8 
Carbon Monoxide 12.5 74.2 
Hydrogen 4.0 74.2 


The lower and upper limits of inflammability are, respectively, the mini- 
mum and maximum emounts of combustible gas which, when mixed with air or 
other supporter of combustion, render the mixture inflammable. The 
values shown are those acdepted as most reliable by the Bureau of Mines 
at the time of preparation of this publication. The limits shown repre- 
sent mixtures with normal air at ordinary temperatures and pressures. 

In general, mixing combustible gases with oxygen rather than air, has 
little effect on the lower limit, but raises the upper limit. 

2/ Observed value: From data assembled by Bureau of Mines. 

3/ Calculated as perfect gas: Althoygh gases of this nature may deviate 
from the gas laws in the pure state, they will behave, for practical pur 
poses, as perfect gases when present in the low concentrations that may 
be determined in the Haldane apparatus. 

4/ The composition of gasoline is variable; the limits of inflammability Wl 
vary with composition. 

5/ Upper limits of acetylene-air mixtures vary widely with experimental com 
ditions; under some conditions propagetion of flame has been observ 
in mixtures containing 80 percent acetylene. 
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